Gelastic seizures (GS) are typically associated with hypothalamic hamartomas and present in childhood. However it is now known that GS can be found in focal epilepsies arising from other regions in the brain, including mesial and neocortical frontal, temporal and parietal regions.
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resonance imaging (MRI) was negative, however the Positron Emission Tomography (PET) scan showed a hypermetabolic region in the right frontal inferior gyrus.
She underwent a depth electrode evaluation that revealed a widespread irritative zone involving the PET "lesion" as well as mesial and neocortical regions in the right frontal lobe. The seizure onset zone was also widespread and non-localizable, however the GS were associated with a clear ictal epileptiform activity arising from the depth of the superior frontal gyrus, which was not overlapping with PET hypermetabolic region. She underwent a right frontal lobectomy sparing the primary motor region in the pre-central gyrus. She has remained seizure free for 14 months since then. The pathological analysis showed focal cortical dysplasia type II in the region of the PET scan hypermetabolism. This case expands the clinical spectrum of GS to include cases of NORSE. Additionally the case highlights the role of resective surgery in GS presenting as NORSE and the potentially excellent outcome that can be achieved by early intervention.
Introduction
Gelastic seizures are classically found in epilepsy caused by hypothalamic hamartomas (HH) in the pediatric population. Although GS are also found in temporal and extratemporal epilepsy with no HH, this has been mostly reported in adults. Here we describe the case of a 3 year old girl who presented with an explosive onset of GS that were entirely refractory to medical management. We detail the medical and surgical evaluations and treatment that were performed and describe the outcome.
Materials and methods
A 3 year old, right handed, bilingual (English and Spanish) girl with no significant medical history except for mild asthma, presented with a sudden, new onset of paroxysmal spells of vocalization described as laughter without a clear reason. There were no proceeding illnesses, surgeries or head trauma. The episodes increased in frequency from a few daily to almost hourly episodes within 3 days. This worsening of frequency was associated with the emergence of encephalopathy. She was admitted to the hospital and a video electroencephalography (VEEG) demonstrated that the spells were epileptic seizures. The semiology of the seizures was gelastic/dacrystic with no clear associated mirth lasting 20-70 seconds. Additionally some of the seizures were associated with non-versive left head and eyes deviation.
The surface EEG revealed a stereotypical ictal and interictal patterns. The distribution of the interictal spike and wave complexes was restricted to the right frontal region at F8-F4 ( Fig 1) . The ictal pattern was composed of faster frequencies of the alpha range in the same distribution (F8-F4) with an initial spread to the rest of the right hemispheric regions followed by secondary generalization (Fig 2) . Assessment of the patient's cognitive functioning was attempted during the initial inpatient admission. Given the frequency of seizures, her engagement with testing was inconsistent. Parental report indicated prior normal development and average ageappropriate adaptive functioning. In contrast, her performance on testing indicated significantly impaired nonverbal and verbal skills at less than 2 years age equivalency level interpreted as reflecting epileptic encephalopathy.
An extensive metabolic, infectious, paraneoplastic and autoimmune workup including a lumbar puncture and chest/abdomen/pelvic computed tomography (CT) were negative. A head PET scan showed hypermetabolic regions in the right inferior frontal gyrus and right thalamus (Fig 3) . Although the patient did not have a clinical seizure during the PET scan, the high frequency of the interictal epileptiform discharges is the most likely reason to produce a hypermetabolic PET.
The surface EEG picture did not change in terms of localization of the interictal and ictal epileptiform patterns despite the multiple medications used. Magnetoelectroencephalography (MEG) showed interictal dipoles in the right inferior frontal gyrus. Due to the super refractory status epilepticus and clear concordance in localization between the surface EEG, the PET scan hypermetabolic region and MEG dipoles, the patient underwent a stereotactic EEG (SEEG) evaluation. Depth electrodes were placed through the hypermetabolic PET lesion and in the surrounding frontal gyri, posterior, anterior, superior and inferior to the lesion, in a "cage" like approach, as well as the anterior insula, (Fig 4) .
Results
The SEEG study showed widespread interictals, reflecting a widespread irritative zone in the contacts sampling the PET hypermetabolic region as well as multiple mesial and lateral contacts in the rest of the right frontal lobe. There was no difference in the morphology of the interictals arising from the PET hypermetabolic region when compared to the rest of the interictals. The ictal pattern was composed of an initial increase in the frequency and amplitude of interictals that correlated to the patient either arousing from sleep or staring.
The gelastic part of the seizure occurred after the staring/arousal from sleep. It was associated with a focal discharge of paroxysmal fast with a frequency of 30-40 Hz restricted to contacts in the depth of the superior frontal gyrus (Fig 5) .
Based on the widespread extent of the irritative and seizure onset zones, the patient underwent a motor sparing right frontal lobectomy. Immediately after the surgery, the seizures stopped. Initially her behavior after the resection was hyperactive and disinhibited. She would bite and scratch others and had no understanding of the social limits. This was in total contrast to her baseline prior to the surgery. This improved tremendously after her medical regimen was simplified to phenobarbital monotherapy over the ensuing 6 months. Her mother then stopped phenobarbital against medical advice approximately 6 months after the resection. She has remained seizure free for 14 months following the surgery. The pathology of the region corresponding to the PET hypermetabolic area showed focal cortical dysplasia type IIA. The rest of the resected frontal lobe showed mild reactive gliosis.
Repeat neuropsychological testing 8 months post-surgery reflected significant improvement in cognitive functioning. Although she evidenced some impairment on measures of attention, she was able to engage and respond to all tasks. Her performance otherwise indicated borderline general intellectual abilities. Notably, her nonverbal or visual spatial skills, presumably controlled by the nondominant, typically right, hemisphere emerged as an area of relative strength.
Discussion
Although GS have been classically described in the context of lesional epilepsy with HH in the pediatric population 1 , it is now recognized that they are not pathognomonic to HH and that they can be found in temporal or extratemporal, lesional or non-lesional epilepsy, mostly in adults. However there is a growing body of evidence of such cases in children 2,3 .
NORSE is characterized by the occurrence of a prolonged period of refractory seizures with no readily identifiable cause in otherwise healthy individuals 4 . The semiology of seizures presenting as NORSE is diverse and includes clinical and subclinical seizures of different types. About half of NORSE cases are cryptogenic and the other half have variable causes but mostly autoimmune or paraneoplastic etiologies 4 . The prognosis of NORSE is generally poor with epilepsy developing in most cases 4 . The explosive onset of seizures in this patient who was previously healthy and the lack of any autoimmune or paraneoplastic etiology despite an extensive workup are typical features of NORSE.
GS have been rarely reported as the major seizure type in NORSE. The youngest patient previously reported in the literature was 6 years at time of presentation 5 . That patient also required a surgical resection following failure of multiple medications and surgery was successful in producing excellent, long term seizure control.
The pathophysiology underlying the production of gelastic seizures is not entirely understood. Based on a few stimulation studies, it was proposed that the anterior cingulate region is involved in the motor act of laughter, while the basal temporal cortex
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is involved in processing of laughter's emotional content in humans 6, 7 . In this patient, the gelastic component of her seizures occurred when the ictal discharge evolved in the contacts placed in deeper parts of the superior frontal gyrus. This supports the theory that the functional network involved in the production of gelastic seizures extends beyond the cingulate gyrus and involves the superior frontal gyrus as previously reported 8 .
Despite the presence of a clear discrete hypermetabolic "lesion" on PET, the patient underwent a more extensive resection with a right frontal lobectomy sparing the motor cortex. This decision was made based on the finding of interictal epileptiform discharges and initial seizure onset pattern on SEEG in both mesial and neocortical contacts on several depth electrodes throughout the frontal lobe.
The presence of a focal epilepsy in the setting of NORSE with super refractory status epilepticus has been reported to be successfully treated with resective epilepsy surgery 9 . To our knowledge this is the youngest patient presenting with GS as NORSE who underwent respective epilepsy surgery with subsequent seizure freedom.
Conclusion
Our case highlights that GS can have an explosive onset as part of NORSE, which in the absence of HH, should prompt an extensive workup to rule out any treatable infectious, immunological or paraneoplastic causes. 
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